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Objective: The increasingly shorter hospitalization following total knee arthroplasty (TKA) requires pa-
tients to assume earlier responsibility to self-manage their pain. Poorly managed acute pain increases the
risk of persistent pain, reduces quality of life and increases unnecessary healthcare utilization. This study
aims to examine post-discharge pain intensity, pain management behaviors and potential barriers to
optimal self-management of pain.
Design:We administered a questionnaire at 2 weeks after discharge to 174 patients undergoing TKA in 10
Australian hospitals. Participants rated pain expectation and severity, use of analgesics and non-
pharmacological methods, side-effects, walking and exercise times, perceptions of analgesics, ade-
quacy of pain management information provided and satisfaction with pain relief.
Results: Of 171 (98%) participants who completed the questionnaire, 88 (52%) reported that the worst
pain period occurred during the ﬁrst 2 weeks at home. During the ﬁrst 2 weeks at home, the average pain
was ‘severe/extreme’ for 40 (23%) participants and 92 (54%) experienced severe pain at least some of the
time. Many participants sought further medical help for their pain. Adequate information on analgesics
and non-pharmacological methods for pain relief were reported by only 73% and 47%, respectively.
Approximately 20% had negative perceptions about analgesic use. Higher pain severity was associated
with lower satisfaction and less time spent walking daily.
Conclusions: Effective pain relief after hospital discharge following TKA is a challenge. Many participants
reported signiﬁcant pain, sought further medical help for pain relief and had inadequate information at
discharge to effectively self-manage their postoperative knee pain.
 2013 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.Introduction reduced quality of life7,8. TKA is amajor surgery and pain during theWorldwide, there is a rapid increase in the number of total knee
arthroplasty (TKA) procedures performed yearly1e6. In Australia, the
number of TKA procedures undertaken annually has increased by
150% in the past decade1. In the United States, the rate is projected to
increase in excess of 600% to 3.48 million procedures by the year
20204. EscalatingdemandforTKA is largelydue toextended longevity,
higher prevalence of obesity and osteoarthritis, and improvements in
surgical techniques2,3. This trend is expected to continue during the
next decade, underscoring the increasing burden of TKA on the
healthcare system3,4.
The primary indication of TKA is advanced symptomatic knee
osteoarthritis characterized by chronic pain, activity limitation, andE.Y. Chan, Faculty of Health
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s Research Society International. Pearly days of recovery can be severe. Inadequate pain relief can
cause delayed mobilization, greater risk of developing venous
thrombosis, coronary ischemia, poor wound healing, longer length
of hospital stay, unnecessary psychological distress and decreased
patient satisfaction9e14. Severe postoperative pain also increases
the risk of developing long term persisting pain11,15.
The length of hospital stay following primary TKA has decreased
considerably in the past decade fromaround10e12days to about 4e6
dayscurrently2,16,17with indicationsofanticipated further reductions2.
This shorter lengthof hospital stay shifts the responsibilityof adequate
pain management increasingly earlier to the patients themselves and
their community-based healthcare providers. It is unclear howmuch
further length of staycan be reducedwithout compromisingquality of
care or shifting cost to the outpatient setting18.
Three published population-based surveys have concluded that
pain relief after surgery was suboptimal with a large proportion of
participants experiencing moderate to extreme pain19e21. Interest-
ingly, more participants reportedmoderate to severe pain following
hospital discharge in comparison with their time in hospital19,20.ublished by Elsevier Ltd. All rights reserved.
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combined the analysis of inpatient and outpatient surgical pro-
cedures, required lengthy recall periods and recruited mostly
younger participants (less than 50 years of age)19e21. These limita-
tions make generalizations to the older TKA population tenuous.
This study aims to examine post-discharge pain intensity, pain
management behaviors and potential barriers to optimal self-
management of pain among participants who have recently un-
dergone primary TKA.
Method
From June 2011 to November 2012, we invited 181 consecutive
participants undergoing unilateral TKA and recruited to amulticenter
randomized controlled trial (RCT) comparing rehabilitation strategies
in 10 large public or privately funded hospitals in Australia, to com-
plete a survey questionnaire 2 weeks after hospital discharge22. The
RCT intervention (intensive exercise program) commenced 6 weeks
after surgery. The RCT inclusion criteria required participants to be
aged between 45 and 74 years, undergoing unilateral primary TKA,
and able to be discharged home from the orthopedic ward22. Exclu-
sion criteria were: (1) previous unicompartmental replacement or
tibial osteotomy on the same knee, (2) lower limb joint replacement
surgery within the last 6 months, (3) further lower limb joint
replacement surgeryanticipatedwithin thenext 12months, (4)major
co-morbidity precluding aerobic exercise at 50e60%maximum heart
rate, (5) rheumatoid arthritis, (6) major neurological conditions22.
Ethics approval for this survey was obtained from the University of
Sydney Human Research Ethics Committee and from the Ethics Re-
view Committee of the Sydney South West Area Health Service.
The surveyquestionnairewaspreviouslyadministered to a cohort
of TKA participants from Singapore; detailed description of the
development and testing aredescribedelsewhere23. Theparticipants
were provided a self-addressed postage paid envelope for returning
the completed questionnaire. A reminder call wasmade ifwedid not
receive a completed questionnaire by week 3 following discharge.
Survey questionnaire (see Appendix 1)
Pain severity and expectation
Pain severity was measured using the ﬁve-item Western Ontario
and McMaster University (WOMAC LK3.1) Osteoarthritis Index Pain
scale24,25 with scores from 0 (no pain) to 20 (severe pain)24,26. The
WOMAC has been validated in individuals undergoing TKA25,27. Our
survey also included questions identifying: the most painful postope
rative period, the expected severity of pain, and the actual pain experi
enced for theﬁrst 2weeksathome,with responsesona5-point Likert
scale (none, mild, moderate, severe, extreme) for the last two items.
Use, effectiveness and side-effects of analgesics, and non-
pharmacological methods
Participantswereasked to listhowoftenandwhichanalgesics they
consumed during the ﬁrst 2 weeks at home, the perceived effective-
ness of the analgesics and any experienced possible side-effects. The
participantswere alsoasked to report theuse of non-pharmacological
methods (active andpassive behavioralmethods)28 for pain relief and
the perceived effectiveness of these methods. Active behavioral stra-
tegies require the patient to undertake an active role physically or
mentally to relief pain. Conversely, passive behavioral strategies are
where the patient adopts a passive role, e.g. ice pack, massage28.
Further medical help
Participants were asked if they sought medical help for their pain
since returning home, and to list the sources from which help was
sought.Daily time spent walking and time spent exercising the operated knee
Responses elicited ranged from: ‘did not walk or exercise’, ‘less
than 15 min’, ‘15e30 min’, ‘31e60 min’, to ‘more than 1 h’.
Adequacy of information on analgesics and non-pharmacological
methods
The two itemsrecorded theadequacyof informationas: ‘adequate’,
‘somewhat adequate’, ‘inadequate’ to ‘no instructions were given’.
Satisfaction with pain relief since returning home
One item: ‘How satisﬁed are you with your pain relief since
returning home?’. The 5-point Likert scale responses ranged from
‘strongly dissatisﬁed’ to ‘very satisﬁed’.
Perceptions of analgesics use
There were ﬁve items on potential barriers to effective analgesic
use: perceived efﬁcacy of analgesics, perceptions on analgesic-
associated side-effects, cost burden, tolerance and addiction29. The
5-point Likert scale responses ranged from ‘strongly disagree’ to
‘strongly agree’.
Postoperative inpatient care
Postoperative care during the hospital admission period
comprised of multimodal analgesic regimens, which typically
included intravenous morphine-based analgesics for 2 days (which
were converted to oral opioids thereafter), simple oral analgesics
and oral non-steroidal anti-inﬂammatory drugs. Participants fol-
lowed similar clinical pathways at each of the participating hospi-
tals which involved progressive physiotherapy to increase active
knee joint range of motion and independence of gait mobility.
Participants were discharged homewhenmedically stable and able
to manage their functional mobility. Information on pain manage-
ment upon discharge varied between hospitals.
Data analysis
Descriptive statistics were used for the questionnaire responses.
We used the Spearman’s rho to determine the relationship between
theWOMAC pain scores and: (1) daily time spent walking, (2) daily
time spent exercising the knee, (3) satisfactionwith pain relief after
discharge, and (4) perceptions of analgesic use. The ﬁrst two vari-
ables were chosen as daily walking and exercising at home are
important aspects of patient self-management early after
discharge. We also wish to evaluate if pain was strongly associated
with satisfaction with pain relief, or if inappropriate perceptions of
analgesic use were associated with increased (potentially avoid-
able) pain. Analyses were conducted using SPSS 20.0 (SPSS Inc.,
Chicago, IL) with statistical signiﬁcance set at P < 0.05.
Results
A total of 171 participants (98%) completed the questionnaire
(Fig. 1). The baseline pre-operative demographic characteristics of
the cohort are shown in Table I. The sample has a mean age of 65
years, was mainly retirees, home makers or not employed, and few
(14%) were taking opioids prior to surgery. Most participants had
stayed approximately 6 days in the hospital following TKA (Table I).
There was only 1% missing survey data.
Pain severity and expectation (Table II)
For more than half of the participants, the most painful period
was during the ﬁrst 2 weeks at home. About 95% of the participants
had expected moderate to severe postoperative pain. Even so, the
Table II
Pain severity and pain expectation (N ¼ 171)
n (%)
Most painful period
Day 0e1 17 (9.9)
Day 2e3 52 (30.4)
Day 4e6 14 (8.2)
Week 1 at home 68 (39.8)
Week 2 at home 20 (11.7)
First 2 weeks at home:
Expected pain
None/mild 9 (5.3)
Moderate 80 (46.8)
Severe/extreme 82 (47.9)
Actual pain
Less/much less 49 (28.7)
As expected 61 (35.7)
More/much more 61 (35.7)
Average pain
None/mild 34 (19.9)
Moderate 97 (56.7)
Severe 40 (23.4)
Frequency of severe/extreme pain
Never 29 (17.0)
Occasionally 50 (29.2)
Some of the time 66 (38.6)
Most of the time 24 (14.0)
All the time 2 (1.2)
WOMAC: moderate to severe pain
Walking on ﬂat surface 80 (55.0)
Going up and down stairs 92 (56.4)
While in bed e disturbed sleep 129 (75.4)
Sitting/lying 89 (52.0)
Standing upright 87 (50.9)
WOMAC pain scores*, mean  sd 8.5  3.7
Fig. 1. Study ﬂow diagram.
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cohort. Among those who reported that their actual pain was
higher than expected, 34% had expected severe or extreme pain,
57% moderate pain and 8% mild or no pain. During the ﬁrst 2 weeks
at home, almost one quarter of this cohort rated their average pain
as ‘severe’. More than half of the cohort also reported severe or
extreme pain at least some of the time. The large majority (92%) of
the participants scored 6/20 on the WOMAC scale, which we took
to represent moderate to severe pain. More than half of the par-
ticipants reported moderate to severe pain when performing each
of the ﬁve activities of daily living in theWOMAC pain scale. Indeed,
75% of the participants reported pain which disturbed their sleep.WOMAC pain scores 6y 158 (92.4)
* Ranged from 0 to 20 with higher score representing worse pain.
y Score cut-off to represent moderate to severe pain for at least one of the
ﬁve WOMAC pain item and mild pain for the other four items.
Use, effectiveness and side-effects of analgesics and non-
pharmacological methods (Table III)
At week 2 at home, 118 (69%) participants consumed opioids
alone or in combinationwith non-opioid analgesics. During week 1,
50 (29%) consumed two or more opioids, while during week 2, the
ﬁgure reduced slightly to40 (23%).Only45% reported that analgesics
provided a lot or complete relief. The large majority of participants
experienced analgesic-related side-effects, with 70% having two or
more side-effects. Constipation (67%), drowsiness (62%) and gastric
discomfort (31%)were themost frequentlyexperienced side-effects.
More than 20% of the participants reported the severity of their
constipation and drowsiness as moderate to severe.
Almost all the participants had used at least one form of non-
pharmacological methods to manage pain at home. The mostTable I
Baseline pre-operative characteristics of study participants (N ¼ 171)
Characteristics n (%)
Age (years), mean  sd 65.0  6.2
Female 105 (61.4)
Education
University degree/advanced diploma 77 (45.0)
High school 79 (46.2)
Primary school 15 (8.8)
Private healthcare insurance 90 (52.6)
Employment
Full time/part time 50 (29.2)
Retired/carer/home duties/unemployed 121 (70.8)
Length of hospital stay (day), mean  sd 6.2 (2.2)
WOMAC pain scores (scale 0e20), mean  sd 11.2  4.0
Type of analgesics
None used 41 (24.0)
Simple analgesics 73 (42.7)
NSAIDS with/without simple analgesics 34 (19.9)
Opioid/s with/without non-opioid 23 (13.5)common methods were cold/warm pack, sleeping/resting, watching
television/reading, massage and relaxation/deep breathing. The ma-
jority of participants were more likely to use passive than active
behavioralmethods28. Almost two-thirds of this cohort reportedmod
erate to complete pain relief using non-pharmacological methods.
Further medical help (Table III)
During the ﬁrst 2 weeks at home, about 60% of the participants
sought furthermedical help for their pain. Of these, the largemajority
(90%) consulted a general practitioner, and 7% sought help frommore
than one healthcare practitioner. Three participants were referred to
the emergency department or were hospitalized for their knee pain.
Daily time spent walking or exercising knee (Table IV)
During the ﬁrst 2 weeks at home, more than half of the partic-
ipants walked or exercised their operated knee for more than
30 min daily with 33 (19%) participants exercising their knees more
than an hour daily. There was a signiﬁcant negative correlation
between the WOMAC pain score and daily time spent walking
(r ¼ 0.21, n ¼ 171, P ¼ 0.007), with more severe pain associated
with less time spent walking. There was no signiﬁcant association
detected between pain severity and the daily time spent exercising
the knee (r ¼ 0.09, n ¼ 171, P ¼ 0.249).
Adequacy of information on analgesics and non-analgesics
(Table IV)
Almost 30% of participants reported that the analgesics infor-
mation provided upon discharge was only ‘somewhat adequate’ or
Table III
Use, effectiveness and side-effects of analgesics and non-pharmacological methods
and proportion sought medical help (N ¼ 171)
n (%)
Analgesics at week 2
None used 12 (7.0)
Simple analgesics 29 (17.0)
NSAIDS with/without simple analgesics 12 (7.0)
Opioid/s with/without non-opioid 118 (69.0)
Change from baseline to week 2
To stronger class of analgesics 129 (75.4)
To same class of analgesics 33 (19.3)
To weaker class of analgesics 9 (5.3)
Pain relief: analgesic*
None/mild 15 (9.6)
Moderate 72 (45.9)
A lot/complete 70 (44.6)
Side-effectsz Mild Moderate/severe
Nausea/vomiting 22 (13.8) 18 (11.3)
Constipation 44 (27.7) 63 (39.6)
Dizziness 34 (21.4) 9 (5.7)
Gastric discomfort 28 (17.6) 21 (13.2)
Drowsiness 63 (39.6) 35 (22.0)
Itch 21 (13.2) 18 (11.3)
Non-pharmacological methodsz
Passive behavior
Warm/cold pack 146 (85.4)
Massage 50 (29.2)
Sleep/rest 91 (53.2)
Medicated ointment 13 (7.6)
Active behavior
Distraction 89 (48.0)
Relaxation/deep breathing 43 (25.1)
Meditation/prayer 17 (9.9)
Other methods 12 (6.9)
Pain relief: non-pharmacological methodsy
None/mild 57 (36.1)
Moderate 69 (43.7)
A lot/complete 32 (20.3)
Sought medical help for pain 103 (60.2)
* n ¼ 157 analyzed, n ¼ 12 did not use any analgesics, n ¼ 2 missing data.
y n ¼ 158 analyzed, n ¼ 12 did not use a non-pharmacologic method, n ¼ 1
missing data.
z Multiple responses possible.
Table IV
Physical activity, adequacy of information and satisfaction with pain relief
(N ¼ 171)
Variable n (%)
Daily time spent walking
<15 min 13 (7.6)
15e30 min 67 (39.2)
31e60 min 48 (28.1)
>60 min 43 (25.1)
Daily time spent exercising knee
<15 min 6 (3.5)
15e30 min 68 (39.8)
31e60 min 64 (37.4)
>60 min 33 (19.3)
Analgesic information
Inadequate/no instruction 17 (9.9)
Somewhat adequate 30 (17.5)
Adequate 124 (72.5)
Non-pharmacological strategies information
Inadequate/no instruction 61 (35.6)
Somewhat adequate 30 (17.5)
Adequate 80 (46.8)
Satisfaction with pain relief
Dissatisﬁed/very dissatisﬁed 21 (12.3)
Neutral 40 (23.4)
Satisﬁed/very satisﬁed 110 (64.4)
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similarly for the information on non-pharmacological methods.
Satisfaction with pain relief since returning home (Table IV)
More than one-third of the participants were ‘neutral’, ‘dissat-
isﬁed’ or ‘very dissatisﬁed’ with their pain relief at home. There was
a signiﬁcant negative correlation between WOMAC pain score and
the satisfaction with pain relief after discharge (r ¼ 0.45, n ¼ 171,
P < 0.0001), with higher pain associated with lower satisfaction.
Perceptions of analgesic use (Table V)
Slightly more than 20% participants had negative perceptions
regarding analgesic use and ‘agreed’ or ‘strongly agreed’ that: anal-
gesics could not really control pain; preferred to put up with pain
rather than with the side-effects; were concerned about developing
analgesic tolerance; or were concerned about addiction. There were
no signiﬁcant correlations detected between WOMAC pain severity
and any of the ﬁve potential patient-related barriers to effective
analgesic use.
Discussion
Our study found that among participants undergoing TKA, post-
operative pain after hospital discharge remains problematic despite
advances in acute postoperative painmanagement. The most painful
postoperative period formore thanhalf of theparticipantswasduring
the ﬁrst 2 weeks at home. The majority also found their pain to be
frequent, occurring during activities of daily living and interfering
with their sleep despite almost 70% of the participants taking at least
one opioid. Correspondingly, many had opioid related side-effects,
sought medical help during the ﬁrst 2 weeks at home for their pain
and were dissatisﬁed with their pain relief. Increased pain severity
was associated with less time spent walking and lower patient satis-
faction. Additionally, the majority of the participants reported that
information on non-pharmacological methods were either not pro-
vided or were inadequate. Twenty percent of the participants had
negative perceptions about analgesics.
Previously, we had administered the same survey to a cohort of
participants undergoing primary TKA in Singapore; the ﬁndings
differed inmanyways from the current Australian cohort23. Only 21%
of the Singapore cohort consumed an opioid vs 69% in the current
cohort. The lower use of opioids in the Singapore study possibly re-
ﬂects the higher prevalence of negative perceptions on all the po-
tential barriers to effective analgesic use, when compared to the
present study. To illustrate, 42% of the participants in the Singapore
study preferred enduring pain than analgesic-related side-effects23,
comparedwith 25% in the current study. Ethnic or cultural differences
might have inﬂuenced the differences in pain responses, pain
reporting and coping preferences between the Australian and
Singapore cohorts30. For instance, the Singapore cohort was univer-
sally Asian and a sizable proportion (40%) perceived that ‘good pa-
tients’ should avoid talking about pain23. In the Singapore study, only
6% of participants reported that their average painwas ‘severe’ during
theﬁrst 2weeks athome, compared to 23% in this study. Interestingly,
a Canadian study demonstrated that 93% Caucasians perceived that it
is acceptable forpatients to complain aboutpain after surgery21. These
ﬁndings suggest that ethnicity or cultural background will inﬂuence
the optimal format of an effective pain self-management education
program.
Many of the participants in the current study sought medical
help for their pain. Given that the ﬁrst orthopedic follow-up visit is
usually scheduled at week 6 after discharge, it is important that, as
far as possible, adequate self-management strategies and analgesic
Table V
Perceptions of analgesic use (N ¼ 171)
Perceptions Strong disagree % Disagree % Neutral % Agree % Strongly agree %
Analgesic medicines cannot really control pain. 11.1 45.0 18.1 24.0 1.8
I am concern about becoming addicted to analgesics. 28.1 27.5 18.1 21.6 4.7
I prefer to put up with pain than with the side-effects of analgesics. 16.4 42.1 17.0 21.1 3.5
I am concern about the cost of the analgesics. 24.6 37.4 28.1 7.0 2.9
If I take analgesics when I have some pain, then they may not work
as well if the pain worsens.
9.4 41.5 21.6 24.6 2.9
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management care, discharge information should include the anal-
gesic plan, management of analgesic-related side-effects and in-
formation regarding adjunct non-pharmacological methods for
pain relief. Adequate discharge planning can improve patient out-
comes and prevent readmission31e33.
In our study, the majority of those taking opioid-based analgesics
reported analgesic-related side-effects. Our study population did not
includeparticipants above 75 years of age. The incidence of analgesic-
related side-effects would likely have been even higher had we been
able to include older participants in this survey, since they are at
higher risk for these adverse side-effects34e36. It is possible that
combining effective non-pharmacological methods with oral anal-
gesics may have reduced the analgesic requirements and decreased
the occurrence or severity of associated side-effects. Of the partici-
pantswho used non-pharmacologicalmethods,more than half found
‘moderate’ to ‘a lot of pain relief’ even though theyweremainly using
less effective passive instead of active behavioral methods37. Non-
pharmacological methods appeared to have no adverse effects and
may even reduce the requirement of potent analgesics such as opi-
oids38, particularly important in the TKA population who are usually
elderly and more susceptible to negative effects of analgesics34e36.
Both the current and the Singapore23 studies consistently found
that pain severity interfered with patient satisfaction with pain
relief and the daily time spent walking. Patient satisfaction is un-
deniably an important outcome of care39, however, only 64% of the
participants were satisﬁed or very satisﬁed with their pain relief.
Walking is one of the basic activities of daily living. Regular
walking, a low impact physical activity, has many beneﬁts, such as
enhancing muscle strength, balance, and coordination, and may
reduce the risk of injurious falls40,41. Walking may even constitute
an effective active non-pharmacological pain management strategy
for some, reducing the acute pain experienced following TKA42.
About 20% of the participants in this survey had negative per-
ceptions regarding analgesics use. Negative perceptions, such as
analgesics not being able to control pain, and concerns about
developing analgesic tolerance or addiction, are likely to discourage
the effective use of analgesics. Adequate patient education before
hospital discharge may address many misconceptions about anal-
gesic use and prevent undertreated pain.
Limited healthcare resources will continue to promote a
decreasing hospital length of stay after elective surgical procedures
such as TKA. Currently, to fast-track hospital discharge, there are
ongoing trials evaluating ambulatory continuous peripheral nerve
block43,44. This is a promising option, however its use will place an
even earlier onus for patient self-management of postoperative
pain, and make it even more critical to address the shortcomings in
patient education identiﬁed in this survey.
Our study had many strengths relative to previous similar
studies19e21: a short 2-week recall period; a very high response
rate; a cohort drawn from both public and privately funded hos-
pitals across Australia. Uniquely, comparing the ﬁndings of our two
surveys (Australia and Singapore) demonstrates that ethnicity and
culture inﬂuence pain behaviors, perceptions and analgesic con-
sumption after primary TKA. One of the limitations of the study isthat the cross sectional study design precluded determining cau-
sality. Another limitation is that we used a sample drawn from a
multicenter clinical trial. Generally, clinical trial participants have
better outcomes compared with non-participants45,46. Further,
there was a lack of strict standardization of surgical techniques and
peri and postoperative pain management between the 10 recruit-
ment sites, reﬂecting usual variations in clinical practice.
In conclusion, optimal pain relief early after hospital discharge
following TKA is a challenge, with many participants reporting sig-
niﬁcant pain which disturbed their activities of daily living, seeking
further medical help for pain relief and having inadequate informa-
tion at discharge to effectively self-manage their postoperative knee
pain. Theseﬁndings are of particular concern given the ongoing trend
toward an even shorter length of hospital stay after TKA. Overall, the
ﬁndings point toward the need for improvements in the manage-
ment of acute pain after hospital discharge.
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